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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a photoelectric conver- 
sion device which has a non -single-crystal semiconductor 
laminate member having formed therein at least one PIN 
junction, and a method for the manufacture of such a 
photoelectric conversion device. 

2. Description of the Prior Art 

A photoelectric cop version device of the type including a 
non-single -crystal semiconductor laminate member having 
formed therein at least one PIN junction usually has the 
non-single -crystal semiconductor laminate member formed 
on a substrate having a conductive surface and a conductive 
layer formed on the non-single-crystal semiconductor lami- 
nate member. The non-single -crystal semiconductor lami- 
nate member has at least a first non-single-crystal semicon- 
ductor layer of a P or N first conductivity type, an I type 
second non-single-crystal semiconductor layer formed on 
the first non-single-crystal semiconductor layer, and a third 
non-single-crystal semiconductor layer formed on the sec- 
ond non-single-crystal semiconductor layer and having a 
second conductivity type opposite from the first conductiv- 
ity type. The first, second, and third non-single -crystal 
semiconductor layers form one PIN junction. 

In this case, for example, the substrate has such a structure 
that a light-transparent conductive layer is formed as a first 
conductive layer on a light-transparent insulating substrate 
body. The first and third non-single-crystal semiconductor 
layers of the non-single-crystal semiconductor laminate 
member are P- and N-type, respectively. Further, the con- 
ductive layer on the non-single-crystal semiconductor lami- 
nate member is formed as a second conductive layer on the 
N-type third non -single-crystal semiconductor layer. 

With the photoelectric conversion device of such a struc- 
ture as described above, when light is incident on the side of 
the light-transparent substrate towards the non-single-crystal 
semiconductor laminate member, electron-hole pairs are 
created by the light in the I-type second non-single-crystal 
semiconductor layer. Holes of the electron-hole pairs thus 
created pass through the P-type first non-single-crystal semi- 
conductor layer to reach the first conductive layer, and 
electrons flow through the N-type third non-single-crystal 
semiconductor layer into the second conductive layer. 
Therefore, photocuiTent is supplied to a load which is 
connected between the first and second conductive layers, 
thus providing a photoelectric conversion function. 

In conventional photoelectric conversion devices of the 
type described above, however, since the I-type second 
non-single-crystal semiconductor layer is formed to contain 
oxygen with a concentration above 10 20 atoms/cm 3 , and/or 
carbon with a concentration above 10 20 atoms/cm 3 , and/or 
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phosphorus with a concentration as high as above 5x10' 7 
atoms/cm 3 , the I-type non-single-crystal semiconductor 
layer inevitably contains impurities imparting N conductiv- 
ity type, with far lower concentrations than in the P-type first 

5 non-single-crystal semiconductor layer and the N-type third 
non-single-crystal semiconductor layer. 

In addition, the impurity concentration has such a distri- 
bution that it undergoes substantially no variations in the 
thickness direction of the layer. 

10 On account of this, in the case where the second non- 
single-crystal semiconductor layer is formed thick with a 
view to creating therein a large quantity of electron-hole 
pairs in response to the incidence of light, a depletion layer, 
which spreads into the second non-single-crystal semicon- 
ductor layer from the PI junction defined between the P-type 

1 first and the 1-type second non-single-crystal semiconductor 
layers, and a depletion layer, which spreads into the second 
non-single-crystal semiconductor layer from the NI junction 
defined between the N-type third and the I-type second 
non-single-crystal semiconductor layers, are not linked 

20 together. In consequence, the second non-single-crystal 
semiconductor layer has, over a relatively wide range thick- 
ness thereof at the central region in that direction, a region 
in which the bottom of the conduction band and the top of 
the valence band of its energy band are not inclined in the 

25 directions necessary for the holes and electrons to drift 
towards the first and third non-single-crystal semiconductor 
layers, respectively. Therefore, the holes and electrons of the 
electron-hole pairs created by the incident light in the second 
non-single-crystal semiconductor layer, in particular, the 

30 electrons and holes generated in the central region of the 
second layer in its thickness direction, are not effectively 
directed to the first and third non-single-crystal semicon- 
ductor layers, respectively. 

Accordingly, the prior art photoelectric conversion 

35 devices of the above-described structure have the defect that 
even if the second non-single-crystal semiconductor layer is 
formed thick for creating a large quantity of electron-hole 
pairs in response to incident light, a high photoelectric 
conversion efficiency cannot be obtained. 

40 Further, even if the I-type second non-single-crystal semi- 
conductor layer is thick enough to permit the depletion layer 
extending into the second non-single-crystal semiconductor 
layer from the PI junction between the P-type first non- 
single-crystal semiconductor layer on the side on which light 

45 is incident and the I-type second non-single-crystal semi- 
conductor layer formed on the first semiconductor layer and 
the depletion layer extending into the second non-single- 
crystal semiconductor layer from the NI junction between 
the N-type third non-single-crystal semiconductor layer on 

50 the side opposite from the side of the incidence of light and 
the I-type second non-single-crystal semiconductor layer are 
linked together, the expansion of the former depletion layer 
diminishes with the lapse of time for light irradiation by 
virtue of a known light irradiation effect commonly referred 

55 to as the Staebler-Wronski effect, because the I-type non- 
single-crystal semiconductor layer forming the PI junction 
contains impurities which impart N conductivity type as 
mentioned previously. Finally, the above-said depletion lay- 
ers are disconnected from each other. In consequence, there 

60 is formed in the central region of the second non-single- 
crystal semiconductor layer in the thickness direction 
thereof a region in which the bottom of the conduction band 
and the top of the valence band of the energy band are not 
inclined in the directions in which the holes and electrons of 

65 the electron-hole pairs created by the incidence of light are 
drifted towards the first and third non-single-crystal semi- 
conductor layers, respectively. 
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Accordingly, the conventional photoelectric conversion 
devices of the above-said construction have the defect that 
the photoelectric conversion efficiency is impaired by the 
long-term use of the devices. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a novel photoelectric conversion device which is able to 
achieve a far higher photoelectric conversion efficiency than 
that obtainable with the conventional devices described 
above. 

Another object of the present invention is to provide a 
novel photoelectric conversion device the photoelectric con- 
version efficiency of which is hardly or only slightly lowered 
by the Staebler-Wronski effect even if it is used for a long 
period of time. 

Yet another object of the present invention is to provide a 
novel method which permits easy manufacture of the pho- 
toelectric conversion device having the above-said excellent 
features. 

In accordance with an aspect of the present invention, the 
first (or third) non-single-crystal semiconductor layer of the 
non-single-crystal laminate member is a layer on the side on 
which light is incident and is of P conductivity type, and the 
I-type second non-single-crystal semiconductor layer has 
introduced therein an impurity for imparting thereto type P 
conductivity, which is distributed so that the impurity con- 
centration continuously decreases towards the third (or first) 
non-single-crystal semiconductor layer in the thickness 
direction of the I-type layer. 

In this case, for example, the substrate is light-transparent 
and, accordingly, the first non-single-crystal semiconductor 
layer is disposed on the side where light is incident. The first 
and third non-single -crystal semiconductor layers are P- and 
N-type, respectively, and the I-type second non-single- 
crystal semiconductor layer has introduced therein an impu- 
rity for imparting thereto P-type conductivity, such as boron, 
so that its concentration in the region adjacent the first 
non-single-crystal semiconductor layer is higher than the 
concentration in the region adjacent the third non-single- 
crystal semiconductor layer. 

On account of this, even if the I-type second non-single- 
crystal semiconductor layer is formed relatively thick for 
creating therein a large quantity of electron-hole pairs in 
response to the incidence of light, the depletion layer extend- 
ing into the second non-single-crystal semiconductor layer 
from the' PI junction between the first and second non- 
single-crystal semiconductor layers and the depletion layer 
extending into the second non-single-crystal layer from the 
NI junction between the third and second non-single -crystal 
semiconductor layers are joined together. Accordingly, the 
holes and electrons which are produced in the central region 
of the second non-single-crystal semiconductor layer in its 
thickwise direction are also effectively drifted towards the 
first and third non-single-crystal semiconductor layers, 
respectively. 

Moreover, even if the I-type second non-single-crystal 
semiconductor layer contains impurities which impart 
N-type conductivity thereto, because it is formed to contain 
oxygen and/or carbon and phosphorus in large quantities as 
described previously, boron, which imparts P-type conduc- 
tivity and is introduced into the second non-single-crystal 
semiconductor layer, combines with oxygen, and/or carbon, 
and/or phosphorus. Besides, the P-type impurity introduced 
into the second non-single-crystal semiconductor layer has a 
high concentration in the region thereof adjacent the P-type 
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first non-single-crystal semiconductor layer, that is, on the 
side of the PI junction. Therefore, the expansion of the 
depletion layer spreading into the second non-single-crystal 
semiconductor layer from the PI junction between the first 
5 and second non-single-crystal semiconductor layers is 
scarcely or only slightly diminished by the light irradiation 
effect (the Staebler-Wronski effect). 

Accordingly, the photoelectric conversion device of the 
present invention retains a high photoelectric conversion 
10 efficiency, even if used for a long period of time. 

In accordance with another aspect of the present 
invention, the second non-single-crystal semiconductor 
layer, which has introduced thereinto an impurity which 
imparts P-type conductivity, with such a distribution that its 
concentration continuously decreases towards the N-type 
third (or first) non-single-crystal semiconductor layer in the 
thickness direction of the second layer, can easily be formed, 
through a CVD (Chemical Vapor Deposition) method using 
a semiconductor material gas and an impurity material gas 
for imparting P-type conductivity, merely by continuously 
decreasing (or increasing) the concentration of the depart 
material gas relative to the semiconductor material gas with 
the lapse of time. 

Accordingly, the manufacturing method of the present 
invention allows easy fabrication of the photoelectric con- 
version device of the present invention which possesses the 
aforementioned advantages. 

Other objects, features and advantages of the present 
30 invention will become more fully apparent from the detailed 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 FIGS. IA to D are sectional views schematically illustrat- 
ing a sequence of steps involved in the manufacture of a 
photoelectric conversion device in accordance with an 
embodiment of the present invention; 

FIG. 2A is a sectional view schematically illustrating a 
40 first embodiment of the photoelectric conversion device by 
the manufacturing method shown in FIG. 1; 

FIG. 2B is a graph showing the concentration distribu- 
tions of impurities introduced into first, second, and third 
non-single-crystal semiconductor layers of the photoelectric 
45 conversion device depicted in FIG. 2A; 

FIG. 2C is a graph showing the energy band of the 
photoelectric conversion device shown in FIG. 2A; 

FIG. 3 is a graph showing the voltage V (volt)- current 
5Q density I (mA/cm 2 ) characteristic of the photoelectric con- 
version device of FIG. 2, in comparison with the character- 
istic of a conventional photoelectric conversion device; 

FIG. 4 is a graph showing variations (%) in the photo- 
electric conversion efficiency of the photoelectric conver- 
55 sion device of the present invention, shown in FIG. 2, in 
comparison with a conventional photoelectric conversion 
device; 

FIG. 5 A is a sectional view schematically illustrating a 
second embodiment of the photoelectric conversion device 

50 of the present invention; 

FIG. SB is a graph showing concentration distributions of 
impurities introduced into first, second, and third non-single- 
crystal semiconductor layers of the second embodiment of 
the present invention; 

65 FIG. 6 A is a sectional view schematically illustrating a 
third embodiment of the photoelectric conversion device of 
the present invention; and 
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FIG. 6B is a graph showing the concentration distribu- 
tions of impurities introduced into first, second, and third 
non-single-crystal semiconductor layers of the photoelectric 
conversion device shown in FIG. 6A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description will be given of, with reference to FIGS. 1 
and 2, of a first embodiment of the photoelectric conversion 
device of the present invention, along with the manufactur- 
ing method of the present invention. 

The manufacture of the photoelectric conversion device 
starts with the preparation of an insulating, light-transparent 
substrate 1 as of glass (FIG. 1). 

A light-transparent conductive layer 2 is formed on the 
substrate 1 (FIG. IB). 

The conductive layer 2 is formed of, for example, a tin 
oxide, or a light-transparent conductive material consisting 
principally of a tin oxide. The conductive layer 2 is formed 
by, for example, a known vacuum evaporation method to a 
thickness of, for instance, 0. 1 to 0.2 um. . 

Next, a non-single-crystal semiconductor laminate mem- 
ber 3 is formed on the conductive layer 2 (FIG. 1C). 

The non-single-crystal semiconductor laminate member 3 
has such a structure that a P-type nori-single-crystal semi- 
conductor layer 4, an I-type non-single-crystal semiconduc- 
tor layer 5 and an N-type non-single-crystal semiconductor 
layer 6 are sequentially formed in this order. These non- 
single-crystal semiconductor layers 4, 5 and 6 form PIN 
junction. 

The non-single -crystal semiconductor layer 4 of the non- 
single-crystal semiconductor laminate member 3 is formed 
of, for example, Si, Si v C,. v (where 0<x<l, for instance, 
x=0.8) or Ge in an amorphous, semi-amorphous, or micro- 
crystalline form. The non-single -crystal semiconductor layer 
4 is, for example, 100 angstroms thick. 

The non-single-crystal semiconductor layer 4 is formed 
by a CVD method which employs a semiconductor material 
gas composed of a hydride or halide of a semiconductor, 
such as Si, Si v C,. v (where 0<x<l), or Ge, and an impurity 
material gas composed of a hydride or halide of a P-type 
impurity, for instance, diborane (B 2 H 6 ). The CVD method 
may or may not employ a glow discharge (plasma), or light. 
In this case, the non-single-crystal semiconductor layer 4 
has a P-type impurity introduced therein (boron) in a con- 
centration as high as lxlO 19 to 6xl0 2 ° atoms/cm 3 , as shown 
in FIG. 2B. 

The non-single-crystal semiconductor layer 5 is formed 
of, for instance, amorphous or semi-amorphous silicon, and 
has a thickness of, for example, 0.3 to 0.8 um, in particular, 
0.5 um. 

The non-single-crystal semiconductor layer 5 is formed 
by a CVD method which uses a semiconductor raw material 
gas composed of a hydride or halide of silicon, for example, 
Si„H 2 ^ # . 2 (where n is greater than or equal to 1), or SiF m 
(where m is greater than or equal to 2), and a deposit 
impurity material gas composed of a hydride or halide of a 
P-type impurity, for instance, diborane (B 2 H 6 ), the CVD 
method may employ or may not employ a glow discharge 
(plasma), or light. In this case, by decreasing the concen- 
tration of the deposit material gas relative to the concentra- 
tion of the semiconductor raw material gas within a range of 
less than 5 ppm with die lapse of time, the non-single-crystal 
semiconductor layer 5 is formed having introduced thereinto 
a P-type impurity (boron), the concentration of which lin- 
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early and continuously decreases in the thickness direction 
of the layer towards the non-single-crystal semiconductor 
layer 6 as shown in FIG. 2B. The concentration of the P-type 
impurity in the non-single-crystal semiconductor layer 5 is 

5 high on the side of the non-single-crystal semiconductor 
layer 4 as compared with the impurity concentration on the 
side of the non-single-crystal semiconductor layer 6. The 
ratio of the impurity concentration in the layer 5 at one end 
thereof adjacent the layer 6 to the concentration at the other 

10 end adjacent the layer 4 is Vio to '/ioo, preferably, '/>o to ] Ao. 
In practice, the P-type impurity (boron) has a concentration 
of 2x10' 5 to 2x10' 7 atoms/cm 3 at the end of the layer 5 
adjacent the layer 4 and a concentration below lxlO 15 
atoms/cm 3 at the end of the layer 5 adjacent the layer 6. 

15 The non-single-crystal semiconductor layer 5 is formed 
by the above-said CVD method. In this case, the semicon- 
ductor raw material gas is one that is obtained by passing a 
semiconductor raw material gas through a molecular sieve 
or zeolite which adsorbs oxygen, and/or carbon and/or 

20 phosphorus. Accordingly, the non-single-crystal semicon- 
ductor layer 5 is formed to contain oxygen at a concentration 
less than 5xl0 19 and as low as 5x10' 8 atoms/cm 3 , and/or 
carbon at a concentration less than 4xl0 18 and as low as 
4x10' 5 atoms/cm 3 , and/or phosphorus at a concentration at 

25 least as low as 5x10* 5 atoms/cm 3 . 

The non-single-crystal semiconductor layer 6 is formed 
of, for instance, microcrystalline silicon, and has a thickness 
of. for example, 100 to 300 angstroms. 

The non-single-crystal semiconductor layer 6 is formed 

30 by a CVD method which employs a semiconductor raw 
material gas composed of a hydride or halide of silicon, for 
example, Si„H 2n+2 (where n is greater than or equal to 1) or 
SiF„, ( where m is greater than or equal to 2), and an impurity 
material gas composed of a hydride or halide of an N-type 

35 impurity, for instance, phosphine (PH 3 ). The CVD method 
may or may not employ a glow discharge (plasma) light. In 
this case, the non-single-crystal semiconductor layer 6 has 
an N-type impurity (phosphorus) introduced thereinto with 
a concentration of 1x10 19 to 6xl0 20 atoms/cm 3 , as shown in 

40 FIG. 2. 

Next, a conductive layer 7 is formed on the non- single - 
crystal semiconductor laminate member 3 made up of the 
non-single-crystal semiconductor layers 4, 5 and 6, that is, 

4 _ on the non-single-crystal semiconductor layer 6 (FIG. ID). 
The conductive layer 7 has such a structure that a light- 
transparent conductive layer 8 formed of, for example, a tin 
oxide or a light-transparent conductive material consisting 
principally of tin oxide, and a reflective conductive layer 9 

50 formed of a metal, such as aluminum, silver, or the like, are 
formed in this order. In this case, the conductive layer 8 is 
formed to a thickness of 900 to 1300 angstroms thick by 
means of, for example, vacuum evaporation, and the con- 
ductive layer 9 is also formed by vacuum evaporation. 

55 In the manner described above, the first embodiment of 
the photoelectric conversion device of die present invention 
shown in FIG. 2A is manufactured. 

With the photoelectric conversion device shown in FIG. 
2A, when light 10 is incident on the side of the substrate 1 

60 towards the non-single-crystal semiconductor laminate 
member 3, electron-hole pairs are created in the I-type 
non-single-crystal semiconductor layer 5 in response to the 
light 10. The holes of the electron-hole pairs thus produced 
flow through the P-type non-single-crystal semiconductor 

65 layer 4 into the light-transparent conductive layer 2, and the 
electrons flow through the N-type non-single-crystal semi- 
conductor layer 6 into the conductive layer 7. Therefore, 



US 6,15 

7 

photocurrent is supplied to a load which is connected 
between the conductive layers 2 and 7, thus providing the 
photoelectric conversion function. 

In this case, the I -type non-single -crystal semiconductor 
layer 5 has a P-type impurity (boron) introduced thereinto 
which is distributed so that the impurity concentration 
continuously decreases towards the non-single-crystal semi- 
conductor layer 6 in the thickness direction of the layer 5, as 
shown in FIG. 2B. On account of this, even if the I-type 
non-single-crystal semiconductor layer 5 is formed thick for 
generating therein a large quantity of electron-hole pairs in 
response to the incidence of light, a depletion layer (not 
shown) which extends into the non-single-crystal semicon- 
ductor layer 5 from the PI junction 11 between the P-type 
non-single-crystal semiconductor layer 4 and the I-type 
non-single-crystal semiconductor layer 5 and a depletion 
(not shown) layer which extends into the non-single-crystal 
semiconductor layer 5 from the NI junction 12 between the 
N-type non-single-crystal semiconductor layer 6 and the 
non-single-crystal semiconductor layer 5 are joined together. 
Therefore, the I-type non-single -crystal semiconductor layer 
5, as viewed from the bottom of the conduction band and the 
top of the valence bands of its energy band, has a gradient 
that efTectively causes holes and electrons to drift towards 
the non-single-crystal semiconductor layers 4 and 6, respec- 
tively. 

Accordingly, the photoelectric conversion device of the 
present invention, shown in FIG. 2A, achieves a higher 
photoelectric conversion efficiency than the conventional 
photoelectric conversion devices. 

By the way, according to a photoelectric conversion 
device corresponding to the conventional one and which is 
identical in construction with the photoelectric conversion 
device of the present invention shown in FIG. 2A, except 
that the concentration of the N-type impurity in the I-type 
non-single-crystal semiconductor layer 5 is about 10' 6 
atoms/cm 3 which is far lower than the impurity concentra- 
tions in the P-type and N-type non-single-crystal semicon- 
ductor layers 4 and 6 because the I-type non-single-crystal 
semiconductor layer 5 is formed to contain oxygen, and/or 
carbon, and/or phosphorus in large quantities, as referred to 
previously, provided a voltage V (volt)-current density I 
(mA/cm ) characteristic as indicated by a curve 30 in FIG. 
3. Accordingly, the open-circuit voltage was 0.89 V, the 
short-circuit current density I was 16.0 mA/cm 2 , the fill 
factor was 61%. and the photoelectric conversion efficiency 
about 8.7%. In contrast thereto, the photoelectric conversion 
device of the present invention shown in FIG. 2 A, provided 
the voltage V -current density I characteristic as indicated by 
curve 31 in FIG. 3. Accordingly, the open-circuit voltage V 
was 0.92 V, which is higher than was obtained with the 
above-said device corresponding to the prior art device; the 
current density I was 19.5 mA/cm 2 ; the fill factor was 68%; 
and the photoelectric conversion efficiency was about 
12.2%. Incidentally, these results were obtained under the 
conditions wherein a photoelectric conversion devices, each 
having the non-single-crystal semiconductor laminate mem- 
ber 3 of a 1.05 cm 2 area, were exposed to irradiation by light 
with an intensity of AMI (100 mW/cnr). 

In the case of the photoelectric conversion device of the 
present invention shown in FIG. 2A, since the I-type non- 
single-crystal semiconductor layer 5 has boron introduced 
thereinto as a P-type impurity the boron combines with the 
oxygen and/or carbon and/or phosphorus contained in the 
non-single-crystal semiconductor layer 5. In addition, the 
concentration of the P-type impurity (boron) is high on the 
side of the PI junction 11, that is, on the side of the P-type 
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non-single-crystal semiconductor layer 4. Accordingly, the 
expansion of the depletion layer extending into the I-type 
non-single-crystal semiconductor layer 5 from the PI junc- 
tion 11 between the P-type non-single-crystal semiconductor 

5 layer 4 and the I-type non-single-crystal semiconductor 
layer 5 is hardly or only slightly diminished by the light 
irradiation effect (the Staebler-Wronski effect). 

For this reason, according to the photoelectric conversion 
device of the present invention, the aforesaid high photo- 

i° electric conversion efficiency is hardly impaired by long- 
term use. 

In addition, the aforesaid photoelectric conversion device 
corresponding to the prior art one which provided the 
voltage V-current density I characteristic indicated by the 

15 curve 30 in FIG. 3 exhibited, variations (%) in the photo- 
electric conversion efficiency relative to the light irradiation 
time T (hr) as indicated by curve 40 in FIG. 4. In contrast 
thereto, in the case of the photoelectric conversion device of 
the present invention, the photoelectric conversion effi- 

20 ciency varied with the light irradiation time T as indicated by 
curve 41 in FIG. 4. That is, the photoelectric conversion 
efficiency slightly increased in an early stage and, thereafter, 
it decreased only very slightly with time. These result were 
also obtained under the same conditions mentioned previ- 

25 ously in connection with FIG. 3. 

As described above, the first embodiment of the photo- 
electric conversion device of the present invention possesses 
the advantage that it provides a high photoelectric conver- 
sion efficiency than the conventional photoelectric conver- 
sion devices, even when used for a long period of time. 

Further, the manufacturing method of the present inven- 
tion shown in FIG. 1 employs a series of simple steps such 
as forming the conductive layer 2 on the substrate 1, forming 

35 the non-single-crystal semiconductor layers 4, 5 and 6 on the 
conductive layer 2 through the CVD method to provide the 
non-single-crystal semiconductor laminate member 3 and 
forming a conductor layer 7 on the non-single-crystal semi- 
conductor laminate member 3. The I-type non-single-crystal 

40 semiconductor layer 5 is formed by the CVD method using" 
a semiconductor raw material gas and a P-type deposit 
(boron) gas and, in this case, simply by continuously chang- 
ing the concentration of the deposit material gas relative to 
the concentration of the semiconductor raw material gas as 

45 a function of time, the P-type impurity is introduced into the 
layer 5 with such a concentration distribution that its con- 
centration continuously decreases towards the non-single- 
crystal semiconductor layer 6 in the thickness direction of 
the layer 5. 

50 Accordingly, the manufacturing method of the present 
invention allows ease in the fabrication of the photoelectric 
conversion device of the present invention which has the 
aforementioned advantages. 

Incidentally, the first embodiment illustrated in FIG. 2 

55 shows the case in which the impurity contained in the I-type 
non-single-crystal semiconductor layer 5 has such a con- 
centration distribution as shown in FIG. 2B in which the 
concentration linearly and continuously drops towards the 
non-single-crystal semiconductor layer 6. 

60 As will be appreciated from the above, however, even if 
the impurity introduced in the I-type non-single-crystal 
semiconductor layer 5 has a concentration profile such that 
the impurity concentration drops stepwise and continuously 
towards the non-single-crystal semiconductor layer 6 as 

65 shown in FIG. 5B which illustrates a second embodiment of 
the present invention, and even if the impurity in the layer 
5 has such a concentration distribution that the impurity 



